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PECK, J. W. Carbachol, angiotensin-II, ventricular spread and water balance in rats. PHARMAC. BIOCHEM. BEHAV. 
5(5) 591-595,  1976. - Injections into the preoptic areas and anterior hypothalamus of as little as 1.0 ng]ul carbachol 
(5.5 × 10-6M, 11 pmols total dose) and 0.1 ng/~l angiotensin-II (lffTM, 0.2-0.4 pmols) were dipsogenic or 
antidiuretic-natriuretic. Lateral ventricular (VL) thresholds for drinking also were 11 pmols for carbachol and 0.2 pmols 
for angiotensin. The low VL threshold for carbachol supports, without proving, arguments that a limbic cholinergically- 
coded thirst circuit could reflect leakage form placements near VL to the third ventricle. In contrast, VL thresholds for 
antidiuresis-natriuresis were 110 pmols for carbachol and 2 pmols for angiotensin. Carbachol was more effective rostral to 
the paraventricular nucleus and angiotensin dorsal to the supraoptic nucleus. However, lower thresholds in these areas were 
insufficient to localize receptors, since all cannulas positive for antidiuresis-natriuresis traversed ventricles, and cannulas not 
traversing ventricles were negative. 
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R O U T T E N B E R G  [12 ,14]  argued t ha t  leakage of  carb- 
amylcho l ine  chlor ide  ( ca rbacho l )  to the  ventr ic les  f rom 
in jec t ion  or i m p l a n t a t i o n  loci  p robab ly  compromised  
studies [ 1, 6, 7, 15] p ropos ing  a l imbic  chol inergical ly-  
coded th i rs t  circuit .  Dr inking  fo l lowed as l i t t le  as 0 . 0 1 - 0 . 2  
ug ca rbacho l  at po in t s  on this  p roposed  circuit  [6 ,7 ] .  Yet ,  
0 . 2 5 - 4 . 0  ug of  ca rbacho l  in the  la teral  vent r ic le  of  ra ts  
were no t  d ipsogenic  in some studies  [ 1 , 4 ] ,  and 0 .055 ug 
was dipsogenic  bu t  on ly  wi th  a typica l ly  long la tency  in 
a n o t h e r  [7 ] .  These  facts  have f lawed R o u t t e n b e r g ' s  
a rgument .  The present  repor t  r eexamined  whe the r  
ca rbacho l  in a la teral  vent r ic le  el ici ted dr inking.  

In add i t ion ,  d r ink ing  was compared  w i th  ant idiuresis-  
natr iuresis  el ici ted by  ven t r i cu la r  or  p reop t i c -an te r io r  
h y p o t h a l a m i c  angiotens in-I I  or carbachol .  Peck and Eps te in  
r epo r t ed  [9,11 ] t ha t  the  p reop t i c  areas were the  sites of the  
dipsogenic  and  an t id iu re t i c -na t r iu re t i c  ac t ions  of  intra-  
crania l ly- in jected angiotens in-I I ,  bu t  J o h n s o n  and Eps te in  
[2] showed  tha t  spread to the  ventr ic les  was necessary for  
angiotensin-I I  in jec ted  in to  the p reop t i c  areas to  be 
dipsogenic.  Such spread also m ay  have med ia ted  the  
an t id iu re t i c -na t r iu re t i c  ac t ions  of  angio tens in .  

METHOD 

Animals and Surgery 

Six male Long-Evans ra ts  were imp lan t ed  wi th  one  
double -bar re led  in t racrania l  cannula  t e rmina t ing  in a lateral  
ventr ic le  and  a second  cannula  angled to r each  the  
cont ra la te ra l  p reop t ic  areas or an te r io r  h y p o t h a l a m u s  
wi thou t  t raversing a ventr ic le .  T w e n t y  o the r  ra ts  were 
imp lan ted  wi th  two asymmetr ica l ly -p laced  cannulas  a imed 
for these  same regions but  i n t r o d u c e d  pe rpend icu la r  to the  
dorsal surface of  the  cerebral  cor tex .  All rats  also had  a 
chronic  nasopha ryngea l  in t ragas t r ic  tube ,  and  5 of  the  rats, 
a ca the te r  in the  r ight  jugular  vein. These  ope ra t ions  have 
been descr ibed [ 10] .  

Procedure 

Drinking tests. See [ 1 0 ] .  Briefly,  d r ink ing  tests  were 
c o n d u c t e d  once  weekly.  The  rats  were tes ted  in the i r  h o m e  
cages, wi th  b o t h  food  and  wate r  present ,  and were a l lowed 
to eat  and  dr ink  freely a f te r  the  in jec tors  were inser ted ,  
before  the  tes t  p rope r  began. In jec t ions  were no t  made  

1 Supported by University Research Committee and by USPHS Biomedical Sciences Support Grant RR 07092 to the University of Utah. 
Thanks to Dr. R. Straight, Director, Medical Research Laboratory, Veterans Administration Hospital, Salt Lake City, Utah for making 
available the Varian Techtron atomic absorption spectrophotometer, and to J. Denbutter for preparing the histology. 
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unt i l  t he  rats  had  assumed a pos tu re  ind ica t ing  sleep, and  
were made  using r e m o t e  syringes and  w i t h o u t  d i s tu rb ing  
the  rats. In j ec t ions  were uni la tera l ,  2 ul  in 1 8 - 2 2  sec. 
Chemicals  were dissolved in i so ton ic  saline ( S o d i u m  
Chlor ide  I r r iga t ion,  A b b o t t ) .  Tests  using angio tens in- I I  
(Hype r t ens in ,  Ciba)  were c o m p l e t e d  first. If 1.0 ng/u l  
(10-6 M; 2 u l of  so lu t ion  c o n t a i n e d  2 pmols )  was dipsogenic ,  
0.1 ng/u l  was t r ied,  t h e n  0.01 ng/ul .  When a c o n c e n t r a t i o n  
failed, the  last  e f fec t ive  c o n c e n t r a t i o n  was t r ied;  if effec- 
tive, this  c o n c e n t r a t i o n  n o w  was called the  th resho ld .  Only  
one c o n c e n t r a t i o n  of  angio tens in- I I  was t r ied on  any  tes t  
day, so a m i n i m u m  of  3 tests  (3 weeks)  were requi red  to 
es tabl ish  th resho lds .  Th resho ld - f ind ing  prov ided  con t ro l s  
for  the  in jec t ion  i tself  causing dr inking.  First ,  a dose- 
response  curve resu l ted ;  second,  an inef fec t ive  in jec t ion  
always was b r a c k e t e d  by  effect ive  in jec t ions  di f fer ing on ly  
in i n t roduc ing  a h igher  c o n c e n t r a t i o n  of  the  dipsogen.  

Since ra ts  a p p a r e n t l y  were  sleeping at the  t ime  of  
in jec t ion ,  arousal  fo l lowed by dr ink ing  of any  a m o u n t  
wi th in  10 min  of the  onse t  of the  in jec t ion  was called a 
posi t ive response ,  if r epea t ed  on  the  next  tes t  day wi th  the  
dosage. In negative tes ts  rats  did no t  awaken  at all. Ra ts  
a roused  af te r  in jec t ions  were observed un t i l  t hey  again 
assumed a pos tu re  ind ica t ing  sleep, a l t h o u g h  in prac t ice  all 
dr inking did occur  in one  bou t  i n t e r r u p t e d  by  re la t ively  
brief  pauses.  The  du ra t i on  of  d r ink ing  r epo r t ed  includes  
these pauses.  

A similar p rocedure  for  de t e rmin ing  th resho lds  was 
fo l lowed for  ca rbachol ,  the  init ial  c o n c e n t r a t i o n  being 
e i ther  10 n g / ~ l  (5.5 x 10-SM; 2 ~1 c o n t a i n e d  110 pmols )  
or 1.0 n g / u l .  The  m a x i m u m  c o n c e n t r a t i o n s  used were 10 
ng/~ 1 ( ang io t ens in )  and  100 ng/u 1 (carbachol ) .  

Analysis o f  natriuresis and antidiuresis. See [ 1 0 ] .  
Briefly,  rats  were h y d r a t e d  by  an ini t ial  in t ragas t r ic  
in jec t ion  (12 ml)  and  sus ta ined  in fus ion  (3 m l / 1 0 0  g BW/hr  
typica l ly  c o n t i n u i n g  for  3 - 4  hr )  of  tap water .  The  t ime  of  
each s p o n t a n e o u s  void of  ur ine  (normal ly ,  10 20 min  
apar t )  was r ecorded  and  its vo lume  measured .  All voids  
were ana lyzed  for  sod ium c o n c e n t r a t i o n  by  f lame 
p h o t o m e t r y  ( V a r i a n - T e c h t r o n  Model  AA5).  Excep t  for  a 
few ins tances  a f te r  t e r m i n a t i o n  of  d r ink ing  tests,  tes ts  for  
ant id iures is -nat r iures is  were c o n d u c t e d  once  weekly,  3 days 
af te r  d r ink ing  tests. When water - load ing  occur red  once  
weekly,  rats  ate  and  d rank  no rma l ly  and  gained weight.  
More f r e q u e n t  wa te r - load ing  o f t en  led to weight  loss. 
Sod ium c o n c e n t r a t i o n  of  the  ra ts '  ur ine  3 days  a f te r  
water - load ing  was normal .  

Bo th  in t rac ran ia l  cannulas  were tes ted  a n d / o r  several 
i n t r avenous  infus ions  of vasopress in  (Pitressin,  Parke-Davis)  
were made  dur ing  each test .  Thresho lds  were d e t e r m i n e d  as 
for  the  dr ink ing  tests.  Any  increased sodium c o n c e n t r a t i o n  
or decreased ur ine  f low, wi th in  the  l imits  of  e r ror  of  
col lec t ion,  could have been  a posi t ive response ,  if r epea ted  
on the  next  tes t  day wi th  t ha t  dosage. In pract ice ,  on ly  
large changes  in ur ine  c o n c e n t r a t i o n  or f low were repli-  
cable. Most  tests  wi th  ang io tens in  involved repea t ing  the  
in jec t ion  5 min  later ,  wh ich  was f o u n d  necessary  for  renal  
changes to resul t  f rom th re sho ld  dosages. The  second  
in jec t ion  was f o u n d  unnecessa ry  for  carbachol .  

Histology. C o m m u n i c a t i o n  of  each  lateral  ven t r i cu la r  
cannula  wi th  the  vent r ic le  was verif ied by  in jec t ion  of  India  
ink (2 ul in 1 9 - 2 2  sec) p r io r  to  per fus ion ,  a f te r  the rats had  
been  anes the t i zed  wi th  pen toba rb i t a l .  All o t h e r  cannu la  
p l acemen t s  were verif ied on  f rozen  and s ta ined sec t ions  as 
descr ibed previous ly  [ 10] .  

RESULTS 

Cannulas  t e r m i n a t e d  in the  lateral  vent r ic le  (VL)  at the  
ros t rocauda l  level of  the  an te r io r  commissure  (n = 6), 
media l  p reop t i c  area (POM, n = 3), lateral  p reop t i c  area 
(POL, n = 7), the  bed nuc leus  of the  stria te rminal i s  (n = 3), 
dorsal  to or in the  an t e r io r  h y p o t h a l a m i c  area (HA, n = 9), 
and an te r io r ly  in the  la teral  h y p o t h a l a m i c  area (HL, n = 
11). Cannulas  showing  in fec t ion  or in brains  appa ren t ly  
h y d r o c e p h a l i c  on his to logical  e x a m i n a t i o n  were omi t t ed .  

India  ink was f o u n d  t h r o u g h o u t  the  ipsi lateral  lateral  
vent r ic le  for  all VL cannulas ,  bu t  only  for  4 of  the  6 
cannulas  was ink also f o u n d  in the  th i rd  ventr icle .  A 
mode ra t e  bu t  no t  yet  gross expans ion  of  the  ipsi lateral  VL 
of the  two excep t iona l  rats suggested the  in te rven t r i cu la r  
f o r amen  was b locked ,  a l t hough  ne i the r  rat  appeared  ill. 
These two rats  ini t ial ly r e sponded  to ang io tens in  at the  
th resho lds  r epo r t ed  be low for  the  o ther  4 rats,  bu t  by the  
t ime of  sacrifice ne i the r  ang io tens in  nor  ca rbacho l  elicited 
dr ink ing  or an t id iures is -na t r iures is  in e i the r  rat.  Thus,  
repor t s  of  VL p l a c e m e n t s  are for  four  rats,  the  results  f rom 
the  o the r  two VL rats  being t aken  to ind ica te  tha t  
c o m m u n i c a t i o n  wi th  the  th i rd  ventr ic le  was necessary for  
the  effects  r epor ted .  

As l i t t le  as 1.0 n g / u l  ca rbacho l  (2 .0  ng to ta l  dose, 11 
pmols )  in VL caused dr ink ing  (Table  1). The  same 
th resho ld ,  la tencies,  and  volumes  d runk  were f o u n d  for  
p reop t ic  and an te r io r  h y p o t h a l a m i c  p l acemen t s  sca t te red  
among  higher  t h re sho ld  p l acemen t s  (Table  1). There  was a 
dose-response re la t ionsh ip  for  vo lume d runk  for  the la t ter  
p l acement s ,  t (7 )  = 2.47, p < 0 . 0 5 .  VL rats  did no t  receive 
10.0 ng/u l  carbachol .  

As l i t t le  as 0.1 ng/u l  ang io tens in  II (0.2 ng to ta l  dose, 
0.2 pmols)  in VL caused dr ink ing  (Table  1). The same 
th resho ld  and vo lume  d r u n k  was found  for preopt ic -  

TABLE I 

DRINKING CAUSED BY VENTRICULAR OR PRE- 
OPTIC-ANTERIOR HYPOTHALAMIC INJECTIONS OF 

CARBACHOL OR ANGIOTENSIN-II 

THRESHOLD n DOSAGE LATENCY DURATION VOLUME 

(ng/pl) (ng/pl} (sec) (xc)  (ml) 

LATERAL VENTRICULAR CARBACHOL 

1,0 4 hO 85.+50 = 2 6 0 + 1 3 3  3,6 +- 0,7 
PREOPTIC- HYPOTHALAMIC CARBACHOL 

hO 8 hO 150+122 190 -+ 65 3,0 -+ 1,3 
I0, 60- - .34  440-+108 7,2_ + 2.0 

I0. 6 I0, 205+-81 260  +- 173 2.7 -* 1,5 

LATERAL VENTRICULAR ANGIOTENSIN 
0,1 4 0,1 210 -I- 128 105 + - 60  1,6 -+ 0,6 

1,0 145 + 60  5 0 5 -  + 150 3,3 __4-1,4 
PREOPTIC- HYPOTHALAMIC ANGIOTENSlN 

0,1 5 0,1 8.5+-32 140--.64 ?-.,64" 1,8 

hO 70+-26  240+-96 4,2 .-+ h8 

1,0 8 1,0 120:1:44 200:1:65 2.8:1:0,8 

*Mean + S.D. 
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anterior hypothalamic placements scattered among higher 
threshold placements, but with slightly shorter latencies, 
t(7) = 2.0, p<0.10 at 0.1 ng/ul; t(7) = 2.46, p<0.05 at 1.0 
ng/ul. Because the volumes injected were so large (2 ul), the 
shorter latencies could indicate greater proximity to re- 
ceptors [ 17], but could also result from pressure enhancing 
the effects of angiotensin. There were dose-response rela- 
tionships for volumes drunk for both VL, t(3) = 2.39, 
p<0.05,  one-tailed, and preoptic-anterior hypothalamic 
angiotensin, t(4) = 2.88, p<0.05,  one-tailed. 

The retention of urine (6.8 -+ 2.0 ml Mean + SD, 3 .7-9 .3  
range, lasting 4 0 - 9 0  min) and sodium excretion (205 + 40 
ueq, 170-250)  following threshold amounts of carbachol 
did not differ for VL and preoptic-anterior hypothalamic 
placements, but thresholds did differ. Thresholds for the 
four good VL cannulas were 10 ng/ul ,  whereas at 5 
cannulas rostral in or dorsal to HA - medial to the fornix 
and rostral to the paraventricular nucleus near the dorsal 
plane of the latter - 1.0 ng/ul was effective. Drinking 
thresholds at these 5 sites were 1.0 ng/ul (n = 2) or 10.0 
ng/ul (n = 3). Antiduresis-natriuresis was induced by 10 
ng/ul carbachol at 10 other scattered placements. 

Volume retention (3.5 ± 1.6 ml, 1 .2-6.0,  lasting 3 0 - 5 0  
min) and sodium excretion (90 -+ 85 ueq, 20 -310 )  
following threshold amounts of angiotensin-II  did not 
differ for VL and preoptic-anterior hypothalamic place- 
ments, but thresholds did differ. VL thresholds were 1.0 
ng/ul ,  whereas at 3 cannulas dorsally in POL at the 
boundary between POL and HL - d i r e c t l y  dorsal to the 
supraoptic nucleus (as previously reported also [9] ) - 0.1 
ng/ul was effective. Drinking thresholds at these 3 sites 
were 0.1 ng/ul (n = 1) and 1.0 ng/ul (n = 2). Antidiuresis- 
natriuresis was induced by 1.0 ng/ul angiotensin at 11 other 
scattered placements. 

C o n s i d e r i n g  antidiuresis-natriuresis and drinking 
together, all cannulas at which any dosage of carbachol or 
angiotensin-II were effective penetrated through a ventricle. 
At cannulas not traversing a ventricle (n = 12) neither 
carbachol nor angiotensin-II were effective. Cannulas intro- 
duced with slanted trajectories to bypass the lateral 
ventricle reached HL and POL above or in the supraoptic 
nucleus (n = 3) and to HA (n = 3). At cannulas introduced 
with vertical trajectories to these same regions in other rats 
drinking and antidiuresis-natriuresis had been produced by 
10.0 ng/ul carbachol and 1.0 ng/ul angiotensin or lower. No 
cannulas with slanted trajectory could reach the most 
medial or the dorsal portions of POM and HA, however. 

There were large individual differences, but for each of 
the 5 rats (6 active cannulas) so tested, intravenous 
vasopressin infusions matched with intracranial injections 
for volume retention produced sodium excretions that were 
similar as well. For angiotensin, 585 + 95 uU (435-800)  - 
10-18  uU/lOOg/min for 6 . 5 - 1 0  min - vasopressin 
matched threshold intracranial injections; for carbachol, the 
vasopressin required was 890 +- 175 uU (720-1200) - 8-12 
uU/100g/rain for 20-32 min. Vasopressin infused initially at 
a high rate and continued at a low rate more closely 
mimicked the effects of carbachol than infusion at constant 
rate. Both intracranial injections and intravenous infusions 
produced larger natriuresis before water-loading had 
induced high rates of formation of dilute urine, and lesser 
or no natriuresis when a high rate of formation of dilute 
urine had been sustained for some time, or when tests were 
every other day rather than once weekly, or when tests 
were a few hours after the operation under ether to implant 

the jugular catheter. Antidiuresis did not vary in the last 3 
conditions. 

DISCUSSION 

The concentration (1.0 ng/ul) and total dosage (2 ng, 11 
pmols) of carbachol that induced rats to drink following 
lateral ventricular or preoptic-anterior hypothalamic injec- 
tions in the present study were less than any previously 
reported in support of a cholinergically-coded limbic thirst 
circuit (10 ng [6];  100 pmols [7]). Early studies of the 
spread of intracranial injections (see [12,15]) assumed 
largely lateral spread. Johnson and Epstein [2] showed that 
spread up chronically implanted cannula barrels was a more 
critical problem. Thus, in the present study carbachol and 
angiotensin injected through cannulas whose tips were 
virtually identically placed in the preoptic areas and 
anterior hypothalamus were dipsogenic if the cannula barrel 
traversed a ventricle and ineffective if the cannula barrel did 
not traverse a ventricle. The major weakness of the present 
study as evidence for ventricular spread and against a 
cholinergically-coded limbic thirst circuit is that some 
cannulas yielding low thresholds in previous studies appar- 
ently did not penetrate ventricles. Tips of these 
cannulas were in the corpus callosum (10 ng [6]), 
hippocampus (10 ng [6] ; 100 pmols [7] see below), and, in 
water-deprived rats only, the cortical nucleus of the 
amygdala (100 pmols; [7]). However, cannulas reaching 
these structures closely approached ventricles; injections of 
carbachol in 0.1 ul volumes (rather than lul) into corpus 
callosum and hippocampus were ineffective ([16] ,  see 
below). 

Previous failures to induce drinking by carbachol placed 
directly into the lateral ventricle may have resulted from 
using too much of the drug, so that the side effects 
reported prevented drinking [1],  or from using an in- 
sensitive test procedure [4].  Fisher and Levitt [ 1 ] reported 
catatonia, tremors, and "bizarre motor behavior" to 
accompany implantation of 1 -3  ug of crystalline carbachol 
into the lateral ventricle. Khavari [4] reported that 
0 .25-4 .0  ug of carbachol injected into the lateral ventricle 
immediately prior to a daily one-hour drinking session of 
23-hr deprived rats, did not increase the amount drunk over 
that normally drunk by the end of the session. 

Lovett and Singer [7] found lateral ventricular thresh- 
olds of 300 pmols with 6.9 min latency, and reported 
ventral hippocampal thresholds of 100 pmols with 2.0 min 
latency as a contrast. Latency for drinking to lateral 
ventricular carbachol in the present study was 85 sec, well 
within the normal mean of 2 - 3  rain in the literature. It is 
difficult to evaluate latencies, since a delay of arousal from 
apparent sleep in the present study may be less than a delay 
of recovery from disturbing handling in previous studies 
(see below). It is possible the long latency following lateral 
ventricular carbachol seen by Lovett and Singer [7] may 
have reflected diffusion delays imposed by necrotic 
material they noted in the ventricle, but not seen in the 
present study. 

As indicated above,  a second weakness of the present 
study as evidence for ventricular spread may be the 
different method employed. This method deserves 
comment. Handling rats to insert injectors is an arousing 
circumstance normally contributing to ingestive behaviors 
following intracranial injections and normally requiring 
injections of vehicle to assess. For example, in the present 
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e x p e r i m e n t  ea t ing or d r ink ing  fo l lowed  inse r t ion  of  the  
in jectors  in over 70% of all tests ,  w h e t h e r  or no t  ra ts  d r a n k  
to the  in jec t ions  made  subsequen t ly .  In jec t ions  were no t  
made  un t i l  ra ts  were in a pos tu re  no rma l ly  ind ica t ing  sleep 
(no t  mere ly  quie t  bu t  alert  rest).  For  dr ink ing  to occur  
in jec t ions  of b o t h  angio tens in- I I  and  ca rbacho l  needed  to 
arouse  the  rats,  and mo t iva t e  ra ts  to  dr ink  r a the r  t h a n  eat ,  
since pel le ts  r ema ined  in the  cage. (Only  in 6 tests  did rats  
eat first ,  inc lud ing  one  case for  angiotef ls in where  this  
eat ing was repl ica ted . )  

Thus ,  a l t h o u g h  all tes ts  in which  dr ink ing  of any  a m o u n t  
was observed  were c o u n t e d  posi t ive,  th is  c r i te r ion  ac tua l ly  
was conserva t ive  wi th  respect  to  the  usual  m e t h o d s  f o u n d  
in the  l i te ra ture  because  rats  were not  a l ready aroused,  bu t  
aroused on ly  by  the  in jec t ion ,  and because  the  d r ink ing  
occur red  again on a second  test  wi th  t h a t  dosage af te r  an 
in te rven ing  negat ive  tes t  at t he  nex t  lower  dosage. On  
negat ive tests  no  arousal  at all occurred .  Also deny ing  tha t  
the  low th re sho lds  f o u n d  in the  p resen t  s tudy  necessar i ly  
re f lec ted  use of a less d e m a n d i n g  cr i te r ion  t h a n  typica l ly  
e m p l o y e d  in the  l i t e ra tu re  is t ha t  the  m e a n  vo lume  d runk  at 
th resho ld  fo l lowing  ca rbacho l  (3 .0  or 3.6 ml)  equal led the  
mean  vo lumes  d r u n k  repor ted  in the  l i te ra ture  once  
baseline d r ink ing  or  d r ink ing  to in jec t ions  of the  vehicle  
(which  was nil in the  p resen t  s t udy  since ra ts  did no t  
awaken  in be low th re sho ld  tests)  were sub t r ac t ed  (e.g., 
3.5 4 ml [ 6 1 , 3  ml [ 7 ] ,  2 - 2 . 5  ml [ 1 7 ] ) .  

The  p resen t  resul ts  by  no means  exc lude  a l imbic  
chol inerg ica l ly-coded th i rs t  circuit .  But  the  la tencies  and 
th re sho lds  f o u n d  mus t  provide  s uppo r t  for  the  lateral  
ventr ic les  med ia t ing  the  dipsogenic  effects  of ca rbacho l  
(and ang io tens in )  in jec ted  in to  s t ruc tu res  ad jacen t  to t h e m ,  
and fu r t he r  for  spread f rom the  lateral  to  the  th i rd  ven t r ic le  
for ca rbacho l  (and  ang io tens in )  to  be dipsogenic.  This  be ing  
s ta ted ,  it shou ld  be n o t e d  t ha t  t h re sho lds  observed by the 
or ig ina tor  of the  ven t r i cu la r  spread h y p o t h e s i s  are t h e m -  
selves i ncons i s t en t  wi th  these  conclus ions .  In the  sub- 
fornical  organ (SFO) ,  50 ng ca rbacho l  was dipsogenic  bu t  
10 ng was not  [ 1 4 ] .  F u r t h e r m o r e ,  th i rd  ven t r i cu la r  
ca rbacho l  was ineffec t ive  at 100 ng, w h e n  lateral  hypo-  
tha lamic  ca rbacho l  (assumed likely to depend  on  leakage to 
SFO)  was effect ive at 100 ng. Nevertheless ,  t h re sho lds  for  
ca rbacho l  in jec ted  in 0.1 ul vo lumes  in the  media l  p reopt ic -  

media l  septal  areas [17]  and as assessed by  s t anda rd  
t e chn ique  was ident ica l  wi th  the  th re sho ld  in the  p resen t  
s tudy ,  a l t h o u g h  the  t h r e sho ld  for  ang io tens in  was some- 
wha t  grea ter  (1 .25  ng) t h a n  for  the  present  s tudy  (0.2 ng). 
This ag reemen t  seems all the  more  s ignif icant  since the  
same au tho r s  r epo r t ed  h i p p o c a m p a l  and co rpus  callosal 
p l acemen t s  were insensi t ive to  m u c h  higher  dosages of  
ca rbacho l  in 0.1 ul vo lumes  [ 16] .  

I n t r a c e r e b r o v e n t r i c u l a r  in jec t ions  of  an t io tens in - I I  
[3 ,13]  or ca rbacho l  [5 ,8]  at  h igher  doses than  in the  
present  s tudy  have been  r epo r t ed  to release an t id iu re t i c  
h o r m o n e  (ADH).  In add i t ion ,  because IV vasopressin  
mimicked  the  ant id iures is -na t r iures is  fo l lowing in t racrania l  
in jec t ions ,  the  renal  responses  in the  p resen t  s tudy  
appa ren t ly  d e p e n d e d  on ADH. 

The lowest  t h re sho lds  for ant id iures is -nat r iures is  were as 
low as those  for dr inking ,  a l t h o u g h  it should  be recalled 
only  doses d i f fer ing by an order  of m a g n i t u d e  were tried. 
However ,  an te r io r  h y p o t h a l a m i c  and lateral  p reop t i c  injec- 
t ions  el ici ted ant id iures is -nat r iures is  wi th  lower th resho lds  
than  did lateral  ven t r icu la r  in jec t ions ,  which  was no t  t rue  
for  dr inking.  The  lowest  t h re sho ld  an t idu re t i c -na t r iu re t i c  
p lacement s  were d i f fe ren t  for  ca rbacho l  and angio tens in ,  
wh ich  makes  it unl ike ly  t h a t  an ar t i fac t  d e p e n d e n t  upon  
the  vo lume  or ra te  of  in j ec t ion  expla ins  the  lower  thresh-  
olds for  p reop t i c - an t e r io r  h y p o t h a l a m i c  p l acemen t s  than  
for  ven t r i cu la r  p lacements .  

Nevertheless ,  the  evidence provided by the lowest  
t h re sho ld  p l acemen t s  for  the  loca t ion  of receptors  me- 
diat ing an t id iu re t i c -na t r iu re t i c  responses  to angiotens in-I I  
and ca rbacho l  mus t  be cons idered  weak. Only cannulas  
t raversing a vent r ic le  were posit ive,  and cannulas  wi th  
s lanted t ra jec tor ies  reached some areas ( a l t hough  not  all) 
t ha t  were low th re sho ld  for  cannulas  t ravers ing ventr icles.  
J o h n s o n  and Eps te in  [2] showed  in jec t ion  pa ramete r s  like 
those  in the  p resen t  s t udy  caused spread of  an t io tens in - I I  
a long cannu la  walls f rom the  p reop t i c  areas to  ventr icles,  
and this  spread mus t  be assumed to have c o m p r o m i s e d  the  
present  studies.  Thus ,  the  previous  conc lus ion  by the  
present  a u t h o r  [9,1 1] t ha t  the  dipsogenic  and an t id iu re t i c  
effects  of angiotens in-I I  (or  ca rbacho l )  depend  on  d i f fe ren t  
r ecep tors  seems p rema tu re .  
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